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ABSTRACT

THE EFFECT OF AN ANALGESIC AGENT ON
MUSCULAR WORK DECREMENT

OBJECT

To determine if ischemic muscle pain and the decrement in Oon-
traction strength of a tonically contracted muscle are causally or
merely correlationally related.

BACKGROUND

Previouswork has shown that a correlation exists between the
intensity of pain and the strength of contraction iv a tonically contract-
ad muscle.;. In order to determine if these relationships are causally
related, human subjects were given an analgesic agent to reduce the
pain aspect in the performance of an isometric muscular contraction.

RZSULTS

The results showed that the administration of an analgesic had no
effect on either the maximum strength or the endurance of an isometric
muscular conltraction.

CONCLUSION

- These results are interpreted as a demonstration of the lack of a
causal relationship between the decrement in work output and the pain
of ischemia in a tonically contracted muscle.
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THE EFFECT OF AN ANALGESIC AGENT ON
MUSCULAR WORK DECREMENT

I. INTRODUCTION

Dorpat and Holmes (I) have shown that in tonically contracted
muscles the time for onset and the intensity of the induced pain and
the degree of ischemia are directly related to the strength of con-
traction. Also, it has been demonstrated that the degree of muscle
ischemia was proportional to the degree of induced pain. These ob-
servations led to the conclusion that the pain associated with strong
tonic contraction was due to the accumulation of noxious metabolites
in the muscles made ischernic by contraction. It should follow, then,
that if the relationship between ischemic pain and decrement in con-
traction strength is a causal one and not merely correlational, an
analgesic agent such as codeine, which Hewer and Xelle (3) have
shown to be effective for ischemic muscle pain, should extend the
time for which a strong contraction can be maintained.

The purpose of this study was to explore a relationship between
ischeric pain and decrement in muscle contraction strength to do-
ternh4,ne whether these factors are, in fact, causally related.

II. METHOD

The subjects were 14 male volunteers from the labo•atory staff.

The apparatus has been previously described in de ta!1 by
Caldwell (2). In brief, it consisted of an adjustable seat and foot-rest
which permitteidall subjects to be placed in-anatomically similar posi-
tions, and an isometric handle adjustable to produce similar arm posi-
tions for all subjects. The seat was adjusted to position the approximate
center of the right shoulder joint at the height of the handle, and the foot-
rest was positioned to set the long axis of the thigh 20' above the hori-
zontal and to produce a-knee-angle of 150'. The handle was set to pro-
duce an elbow angle of 1 50.

The output from the strain gages mounted on the handle was fed
into a strain amplifier and recorded on an ink-writing oscillograph, A
voltmeter with a scale marked in pounds, which was connected in par-
allel with the recorder, served as a display for the subject. Red and
green lamps mounted on the meter were controlled by an amplifier
connected in parallel with the display. The display amplifier had a
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bias control which varied the switching point of a bipolar relay. Thus,
the amplifier could be set for the green light to be turned on by any
desired force on the handle.

Prior to the experiment, each subject was given practice in the
experimental procedure and his "peak strength" was determined. To
determine peak strength the subject was told that he was to pull as
hard as possible for 8 seconds, and that the maximum force obtained
was to be noted. The peak strength test was repeated several times
until the subject's performance had stabilized. The subject's maxi-
mum output was noted. The output which was to be maintained in the
subsequent endurance tests were set at 90% of the individual's peak
strength. On the endurance test the display amplifier was set to turn
the green light on at theý appropriate output level (90% of the subject's
maximum strength) and he was simply told to keep the green light on
as long as possible. The trial was terminated by the experimenter
when the green light remained off for as long as 3 consecutive6 econds.

Each subject's strength and endurance was tested under seven con-
ditions: a "no drug" or normal condition; four different doses of codeine
sulfate (16 mg, 32 mg, 48 mg, and 64 mg); a placebo condition using
100 mg of lactose; and an "active placebo" condition with 50 mg seco-
barbital. The "active" placebo was used to test for a possible change
in performance as a consequence of "feeling drugged. " The conditions
were counterbalanced to eliminate possible practice and cumulative
fatigue effects. The experimental sessions were minimally 48 hours
apart. The drugs and placebos were administered in identical capsules
by a double blind procedure one hour before the tests. An eighth testing
session was given under normal conditione as the last session to pro-
vide data for measures of test-retest reliability.

iLl RESULTS AND DISCUSSION

The mean strength and endurance scores for the eight conditions
are shown in Table 1.

Treatment x Subjects analyses of variance showed that the drug
and placebo conditions produced no statistically significant differences
in performance either in strength or endurance. The test-retest co-
efficients of correlation (rank-difference) for strength and endurance
were .933 and . 814, respectively.

These data suggest that pain is not the limiting factor in the
endurance of strong tonic muscular contractions, i. e. , that the

2



relationship between pain and strength decrement is purely correlational,
not causal. The correlation noted between pain and decrement in con-
traction strength may result from their relationship to a third phenom-
enon--perhaps to the noxious metabolites (such as Lewis' Factor P)
which accumulate in the muscle during sustained contraction.

When the subjects were asked why they were unable to maintain
the required output, the most common report was that the pain was too
intense. H-wever, at the highest codeine dosage most of the subjects
reported a generalized weakness rather than pain as the reason for the
inability to continue at the specified output. The fact thai codeine was
given up to its maximum effective dosage (64 mg), and that opiates do
effect ischemic muscle pain, adds support to the assumption that pain
was decreased--at least at the higher codeine dosage.

IV. S UM•• Y .

Codeine sulfate was shown to have no effect on the decrement in
strength of a tonically contracted muscle. This is interprcted as demon-
strating a lack of causality in the relationshi• between ischemic painA2d
muscle fatigue.

-V. RXFZRENCES%

1. Dorpat, T. L. and T. H. Holmes. Mechanisms of skeletal
muscle pain and fatigue. A.M.A. Arch. Neural. and
Psychiat. 74: 6Z8, 1955.

2. CaldwelI, L. S. The relationship between the maximuM
force exertable by the hand in a horizontal pull and the eo-
durance of a sub-maximal holding response. USAMRL Re-
port No. 470, Ft Knox, Ky., 1961.

3. Hewer, R. :. and C. A. Kelle. A method of testing anal-
gesies in man. Lancet, 2: 683, 1948.

-3



TABLE 1

Mean Strength and Endurance Scores

Strength (lb.) Endurance (sees)

Control 1 128 21. 5

Control 2 133 23.5

Seconal(SO mg) 134 25.2

Lactose (100 mg) 132 23.8

Codeine (16 mg) 133 23.1 --

Codeine (32 mg) 1)4 24.6

Codeine (48 mg) 132 24.2

Cod.eine (64 mg) 132 23.8

AG 1598.0-Arrny.-Kno.May62-475 4



DISTRIBUTION LIST OF USAYRL REPORTS

Project No. 6XO01O,00I Psychology Division

No. of AGENCY , DEFENSE
Copies

10 Armed Servioes Technical Information Ancy, Arlington M1al Sta, Arlington 12, Virqin~a

AGENCY L US AM

1 Abelpd. CrLay* Groend,T Army Ordnc•ov, mm Hm EgineerLnq Laboratory. Aberden Provinq
Cround, Mrylamd. Att : Dr. J. D. Veiss, Director

1 Adjutunt Gen•ral, Department of the A"y, Wahinqton 25, D. C., Attn: AGL

6- Army Attache Box 79, Fleet Post Office, New York, N. Y., Attn: Col. John C. Cressler,
Asint Army Attache (Medical)

1 Brook. Army Medical Center, US Army Surgicaul Remer Unit, Library, Buildin 203,
Fort On Houston, Texas

1 Brooks AMy WIcaCl Center, imaqaarters, Army Mica Servie School, Physical MedLeLae
Branch, Fort Sft Houston Texa, Attn: Captain Rachel Adams

1 Brook. Amy Medical Service Schoo, PNbiwation Branc, Fort San Houton, Tezm,
Attz: Pblication Branch

1 Brooke Ckmeral Hospital, Medioal L.irary, Box 151. Fort Sa Houton, Toeem, Attn:
Medical Librarlom

1 Broo8. Co ru Hospital, Brooke Army Medical Center, Radioisotope Clinic, Fort San
Houston, Teman

1 Chief CheLcal dfiocr ,Dprtwemt of the Army, ashLnqtou 25, . C., Attr: DC•1O/SA

1 Chef of Ordnasnm, Cl!, akiaqiton 26. D. C., Attu: Pros md Spec Proj Section
2. ~ i f of Pmue b and •elotmt, C f Ho Factors Research Diwvison. A PAmnear

Office, Pa 3o . 442, The Petqc, Dertment of the Army, uhizlqtou i5, D.,C.

I Chief of searc teDr velopmmt, WL.f, Lifo Sciences Division, Roam 3D.44, The
Pectioa, imton 23, D. C.

1 Chief of lesearch and slomoent, Army Rsearch Office, Wmhinqton 25, D. C.,
Attn: Scientific Information Btr-eh

I Commanld I sro, L13 Army ALaska, AM 09, Ssattl9e1shlmqtui, Att.: Surpeon
-1 Comanding Geral, U Army•1roe, Nedcia Laeboratory. Delprtumt of Miorchbioloy,

A LU Foram, Feri York, 1. Y.

1 Com din General, US Army Europe, Medical Dijiims Plasm Oratio Branch.
1 43, ;Now York, X. Y.., Atta: Cief Srge=

1 Ccmmudig General, US Army Havaii, APO 357, Son Franaio., 0alifort-ls, Attn: Burqeon

1 Comanding oeral, US ArMy aper . APO 343, Sam FroiseO, lanliformia, Attn a fre
1 Co.m-dia-oensmru. US Army Ryukyu. _ Isand DC Corps, APO 331. Scot Francisco. California.Attn: flurgeoo

1 Commandini Gawral, Eqhth US Amy. AP IM. Sm Francisco, California, Attn: Surgeon

I 1 General, 7th Logisticul Cammod, AM 612, 5= Froacisc, Califor•ia, Atta:karqeon

1 Cammal General, I Corp. Group. APO 358, San Francise, California, Attn: Surqon
1 Comwer in Chief, US Army Pacific, APO 958, San Franci•co, California, Attn: Suryeot
1 Fitalmnous Ceneral Hospital, Medical Technical Library, Dever 30, Colorado
1 Fitsaiwons General Hospltal, US ArM Medical Research and Nutrition Laboratory, Denver,

30, Colorado
I Picatinny Arsenal. Dover, New Jersey, Attn: Y.VS3

2 Quartervaster Research nd Engineering, Comandin: General, Natick, Massacbusetts,
Attn: Technical LLbrary

1 Quartermaster Research and Eagineerir Field Evaluation Agency, Fort Los, Virginia,
Attn: Technical Li.brory

I Redstone Arsenal, Conder, Fledstone Arseoal, Alabama, Attn: CF=.WHI



No. of US ARMY CONTINUED
Copies

I Surgeon Genera, Departmwnt of the Army, Professiomal Division, Washimigton 25, D. C.
Attn: Psychlatry and Neurology Consultant

I Valley Forge Army Hospital, Pheoaixville. Penniylvanio, Attn: Mvedca1l L.Lrary
1 William Bwe•mont General Hospital, Medicl Library, El Paso, Texas, Attn: Mk. Ubra~iaz
I US Army Air Dfenuse, Human Research Unit. Fort Bliss. Texas, Attn: Library
I US Arpy Armor Htuia Research Unit. Director, Fort Knox, Ky., Atto: Librarian

1 US Army Armor Infantry Human Rebarch Unit, Director of Research, Post Office Box 20%,
Fort Beaminq, Georgia, Attn: Lihrary

1 US Army Chbeicml Research ian Develio••et Laboratories, Technical 1.Lirary, Building 330,
Army Cheu•i= Center, Prylasd, Attn: Librarian

2 US Army Medical Center, Director of Medil Research QRC, Army Ceheical Center, Maryland

1 US Army Cbesioal Corps, BiologicaJl Laboratories, Fort Detrick, Maryland, Attn:
DoUments Librarian

1 US Army Diapemnary, Springfield Armory, Spritgfield, Mosaachuxetots
U S2 Army Eaqineer Research and Dpvelopzmt Laboratirries, Fort Belroir, Virginia, Atto:

Teuchoicl Documents Center
1 US Army Envirmesatl Hygiene Aqvncy, Csmandiz;-Officr, Army Ji..oal Center, Maryland
I US Atry Hospital, Fort Lee, Virginia, Attn: Md icaI rr r y
1 US Army Liaisom Group, Project M)Licig, Willow Pan laboratories, YpilIanti, Mic••qan,

Attn- Lt. Col. R. S. JoUsMtoo tive Officer
1 US Amry Mediai Commi Japan, Medical GenemrI Laboratory (408) AM 343, San Franmcisco,

California, Aten: C ow1l CQrl F. Tesm•ar, MC. Cremandino

1 t'Army Leadership, Hin= Resorch Unit, Library, Poet Office Box 77, Presidia of
Mnterey, California

2 US Army Medical Li.msc Branch. Office of the Chief $urqeoz, Gora, Hcaptl, Baib
Heights, Canal Z.o"

3 USWws&.TMedicl R~esearch and, Developmet Co=mmad, Commoading Genrvl, Main "ar B*d..
inor1,D. C.

I US Army Mediali Research Unit, Cmmandin Officer. Puna Field. Fort Cleytot, 0,1 Zoo,
1 US Arny Medical Unit, Comanding Officer, Fort Detrick, "aryan#
i US AMr Medical Research Unit, Institute for Medical Research, %•o La pr, rMala
1 USArm ydmnc Arsena, Frankford, ThiladelFbia 7, Pennyylrvoia, Attn: aA.1734/8S.1

Mr. A. COarles Yarr
2 US Army Ordno-e Tank.Attaotive Comnd, Dtroit •rsesol, Cenetr line, Kichi•an
1 US Ar Medical Research and Development Coamod, Of fice of IU Surg~e= General, Attn:

1 US Aray Stndardisatiot Senior Repreentative, LIS Arty Standardization Group, Canda
c/a B Army Attuache, US E~mbsy, Ottma, Oario. Canada, Attn: Col Joseph R. Blair

1 US AM Tropiacl Research Medical Laborator, APO $,51 Nev York. N, Y.
1 US Army Research Offi..v / . D,:te _tof _Arvv, h ton 25, D. C., Attn:

Scientific Info. Brnc -.

1 US Atmic Energy Commission, Division of Bioloqy and YedLcizo, Wamhington 25, D. C.
Attn: Robert L.Corsbie

3 Walter Reed Army Institute of Research, Walter Reed Army Medial Center, Director,
Wshington 12, D. C.

1 Walter Reed Army Institute of Resear••, Division of Nouropsychiatry. Office of the Dir.,
Washington 12, D. C.

I Walter Reed Army Hoemital, Aray Audiology and Spsech Center, Forest Glen Section,
Washington 12, D. C.

I loiter Reed Army Medial Center, Commanding Officer, US Army Prostbetics Research
Lcaoratory, Washington 12. D. C.

1 Walter Reed Army Medical Center, US Army Medical Service, Historical Unit, Washington 12,
D. C., Attn: Mrs, Esther E. Rohlader, Asit Chief, General Reference and Research Br



ACNCY US NAVY
No. of
Copies

2 Bureau of M•eicine €an Surgry, Director, Research Division, Department of the Navy,
Wahitgton 25, D. C,

2 Bre-au of Naval Weapons (DLI. 31) Department of the Navy, Was•ington 25, D. C.

1 Bureau of Naval Weapons (FAAE-13), Department of the Navy, Washinqton 25, D. C., Attn:
Capt. Walton L, :ones X) L

2 Bureau of Yards and Docks, Deprtment of the Navy, Tahinqtor 25, D. C., Attm Code
D.440

I Lnief of Naval Air Technical Traiinq, US Naval Air Station, Memphis 75, Teaeae&e@,
Attn: Staff Medicl Officer

SNaval AirCrew u:ipaent. Laboratory, Naval Air Material Center, Philadelphia 12, Pa.
1 Naval -•BeRserae Traiuni, Staff Medical Officer, US Naval AIr Station, Clenvie,, Ill.
1 Noval Medical Research Institute, Technical Reference L.brmry, Natiosl Naval Medical

Center, Bethesda 14, Marylad
I Naval Medical Puesearch laboratory, Box 100, Naval Subuarine Bess, New Loedoe, Co=.
I Office of Naval Researc (Code 44) Deartment of the N?", aVabos toan 25, D. C.
I Office of Naval Research (Code 406) Department of NMvy, Spe'Ial Assistant for Med ical

and Allied Sciences, I,-iqt•n 25, D, C.
10 Office of Naval Reseearc Banch Office, Navy 1M, Box 3, Fleet Post Office, New York,

Mew York, Attn, Victoria S. Greewold, Head, AdIln trative and Tech Service Bramnh
"I US Naval Air Dwreeloeat Center, Aeronauticol lastr.sent LiabuNtory. johniville, Pa.

Attn: SimulationBmranh
1 US Nar Air Developmnt Center, Aviation Medical-Acceleratio Laboratory, Johkeville,

~Peaniylwaniau Attn Librnry
I L3•Nsml Clvil EnqLaeria• Laboratory, Port Rumse, California, Attz: Code 313
1 U3SNavl Medical *iropsycahiarlo Recrch Unit.. &, Oieqo 2, California
2 t Naval Xeaile Centsr, Point 0q4, Califrnia. Attn: Technicl iUbrary
1 US Naval NeI=I School, National Naval Medical Orater, Camcmndi Officer, -Btheako 14,

Maryland
1 US Naval Ordwe Test Station. The Medical Officer (Code •S), Statian Hospital,C•i=.

Lake, Califonia

I US Naval Ped~iaolqlal Defeoue laborautry, Cowaad4a Of ficer cad Diteat or (2. 22 So
Francisco 34, California

1 US Maival Ftesearch Laboratory, Cods 2M7, Uaskiaqtam 2S. D. C.
I US Naval School of Aviation Mediaie. Aviation P=ycb•logy Laboratory, US Naval Aviation

Nedilal Canter 54. P ola, Florida
2 (3 Naval School of Aviation Motine, Director of Research, US Nmvml Aviation Center 54,

FPennaccl. Florida
2 US Novel TrainiLn Device Center, 11 En.gnrinq Dep:rtmot, Code 34, Port Isehinten,

Now York
I U. Namal Weap Plant, Epwinectal Diving Unit, Ixiztnqtoz 25 D. C.

AGENY -A IR FWCP
I Air Force Fliqht Test Center, A Factors Branch (FTFMh• Edwards Air Force Base.

California, Attn: Ciief, of 1Man Fltonr
AIR RESEARCH A.D Db"YEWPAET CMI

1 Ai ~f-c Command, US Air Force, aOM) Andreas Air Force Batse,

1 Air P~search andDervloiret Czead, Office of Scientific Research, Behavioral Sciences
Division, Washington 25, D .C.

5 Air Rlesrch and Development Command, Oprations Office, Lcurence G. Hascoe,' Field,
Bedford, Massaahusetts, Attn: CJ1A

3 Air lemerch and Developnt Cm . Oprationa Applications Office, (3 ),
Laurence C. Hamnco Field, Bedford, Massachusetts

I Air Research and Development Commad, r ight Air Devrloi:ent Center, US Air Force,
Vright.Ptteraon Air Force Base, Chio, Attn: D. G. Pitts, Vision



No. of- MR FC CONTINUED

AIR RESWAR AND DEVELOPENT COMWA COTIN'UED
I Wri t Air PResearch and Devlopment Com ad, (UIR'IS Aerospce Medical Library) WAXD

lri htPattorsoz Air Force Base, Oio
, Wright Air Development Division, T15 Air Force, Aeroespuos Medical Division, Wright.

Pa tterson Air Force Base, Chic, Attn: YPHDS, Lt Col. Stanley L. Plecha
I Wright Air oveloeent Division, Trigt.Pattorson Air Force Base •hio, Attn: WFA
2 Air TcioLniq Coimn. Office of The Sureon Geeeral-P, Randolph Air Force Bass, Texas

I Arctic Aeromedical Laboratory, APO 731, Seattle, Washinqton, Attn: Library
1 Assistant for Ground Safety, XS/P. US Air Fores, Washinqton 25,•D. C.
1 Et Air Force Base, Cam d Su a, US Arz Air Defeane Commad, Colorado, Springs,

Colorado, Attn: Colonel S. ., .s.C,
1 Ent Air ore. Bass, Cander Air Development Center, QiO, Human Factors, Bax 1S,

Colorado Sprin•q, Colorado
1 Hmm Fbators Division, Director of Research and Technology, LB Air Force, lashlngtom

25, D. C.. Atta: Chief, Humrz Factors Division
u lonyýe bbarch Center. Natioenal Aeroauti•s and Space Admialstratio Langle7y Field.

VqlaU Attz: Li•rarian
1 Page Air l•eont Center, Air Research and Development Comamed, U Air Force, GrrffLea,

Air Bass 1m,. Now York
2 Us Air Force Aerospac. Medical Center, S30, (SAF(.P) Brooks Air Force Base. Texas
1 US Air Force Hospital. ]tAir For. - Aeoospace Medical Center (ATC) , Laokland Air Force

... , Twom, Attn: Weal Librarian
1 US Air Force, Strat•e•i AW, (SM3), Offutt Air Force Base, Werasku

WOYERMETAL Az?$CrEW
I ArgeeN atial ri orAto*at e" 00 m astk Cne Avenue, Azrgmne, Inlinois. Attn: Hoyland.

I Cpatral Intelligence AqeDec, 2430 E. Street, N.l., Washington, D. C., Attn: 13 , BMdg.
1 Civil Aermiacl pRaearoh Intitute, Moderal Aviation Agency, Past Office Bo* 1•92,

•labm Ci ýY. Ck'ah
I L.Ihrury of Cogresa, Science and Tenoloqy Division, Washington 25, D. C.. Attn: Dr.

A. 3. _-JcobLims
I Natminl Imtitute of Health, Library. kiIdinq 10, Room 3K118, Bethesda 14. Narylad,

Attn: AquLaitioaa Section
I Natioml Library of Medic•in, 7th Street 6 Independence Ave, S.W., M bn, tac 25, D. C.
1 ationa Intatutea of Health, Division of Research Grants, Information Office, Ethe•da

14, Mlarylnd -

L. Prosthetic and smary Aid" Service, Chief, ?esearch and Develop•mt Division, Vetera
Adaminstration, 252 7th Avoe., Wew York 1, NIe York, Atta: Eugene F. Murphy, Ph.D.

OIT1 AGENCIES
1 Arctic Health Research Ceater, ULbrary, Post Office Bas 90, Achoraq, Alaska
1 Bell T•lmepon Laboratories, Murray Hill, Nw Jersey, Attn: Yex S. Schoeffler
1 BDosin Airplane Company, Central Medical Libifrry, Box 11.40, Post Office Box 3707.

Seattle. lashinqt*tn ,
I Boeim Airplcne Compa,. Chief. Space Medicine Section, Aero.Spre Division, Seattle 24,

iaazinqton, Attn: Dr. oe,=;y H. Lowry. (Box 1S,29)
1 Boeing APrplaw Company. Library, Wichita Division, Wichita I. yonsas
I Chrysler Corpoýaticn, Box 1118, Engiueering Research Department 921, Detroit 31, Michigan,

Attn: John Versoce, Engr. Psychologist
I Electric Boat Division, General Dynamics Corp., Huan Factors Section, Croton, Coan

I Ford Motor Company, Technical Information Section, Scientific Laboratory, Post Office
BDo 2053, Dearborn, Michian

1 General Electric Coapany, Tochnical Military Planning Operation, Library, 735 State
Street, Santa Barbara, California



No. of OTHER AaNCIES CC•TUED
Cop i ge

I General Electric Company, Advanced Electrorucs Center, at Cornell University,.•riaac
New Yor.

1 IB Research Center, Biophysics Group, Box 2VS, Yorktown Heights, New York, Attn: Dr.
I. R. Uttal

1 177 Laboratories, Humwn Factors Division, 390 Washington Avenue, Nutley 10, New Jersey,
Attn: Richard G Lazar, Humran Factors Analyst

1 John Crerar Library, 88 East RandoIph Street, Chicgo 1, IllinoiA

I Mayo Clinic, Section of Biophysics. Rochester, Minnesota, Attm: Dr. Kenneth N. Cle

I Marcy Hospital, Anesthesia Researcb Laboratory, Locust and Pride Streets, Pittsburh- 19,
Pennsylvania

I Motorola Incorporated, Systems Research Laboratory, 9330 Indiaa Avenue, Riverside,
California, Attn: R. E. Freese, Tech Info Supervisor "

7 National AarorzutiA and Spoce Administration, 1520 H Street, N. W , Washington 25, D. C.,
Attn: Bertram A. Mulcahy, Aset Director for Technical Information

2 Rhee • Clifoue Corporation, 1020 North Ia Brea, Los. Angeles 38, California, Attn: Mr.
W. R. DDetsch, Head. Research a Deeloment"

1 Space Technolog Laboratory. Subceitt e on Noise, 321 South Alvarado Street, Los
Angel es 37, California

I Systems Reeearch Center, Lockheed Electronics Comae•y, Bedminster, New Jersey, Attn:
R. E. Weter, Bow 37

I Yerkes laboratories of Prima4e Blwolgy. Incorporated. Oange Park, Florida

MEDICAL CO.LLCE/SCHOOL LtBARIES AND DEPART6EN "- "

I AlJny Medical Coliege Lbrary, Now Scotlm-. Aveniw, Albany S, New York

I Antioch College, Engizeer•• g Ps•choloqy Research Project, Yellow Springs, io

-1 Bowman Cray School of Mdici&@ Library. Winetoc.Salee. North Carollna

1 Brow University, r@Frtemt of Psychology, Providnew 12, Made Island, Atta: Prof.
L. A. Riqgs

1 Brow tinivrsity, Dep at of Psychology, Providence 12, Rhode Island, Attn: Prof.
Aaro~schld berq, Consultant

I Colle@e of Medical Evangelists. Thite Meorial Medical L~Ibrary. 1720 Brooklyn Avenuie,
Lou Angeles 33, California

I College of Medical Evangelists, Vernier Padaliffe Memorial LiLbrry., L nda, California

1 Cole~y VnP~icica of Philadelphia, Librar-y, 19 South 22nd Street, Phiiladel~phla, 3.

1 Columbia University, Department of Psychology, Now York 27, New York, Attn: Dr. C. H.

Gruabm
I ColIumia University Medical Library, 630 West 10th Street. New York 32, New York

1 Cornell University Medioal College Library, 1300 York Avenue, New York 21, New York

1 Creightao Unirersity, Medical.-Rracy Library, 1401 Dmvenport, Oaba 2, ibrska

I Emory University, Department of -syhology, Atlanta 22, Georgia, Atto: -Or. E. A. Alluisi

I Florida State University, Department of Psychology, Tallahassee, Florida, Attn: Dr
W. W. wDason

1 Fordhom Univetsity, Ford.lm Road, New York 58, New York, Attn: R. T. Zeqers, Sr.

2 George Washington University. HIumn Resources Research Office, P. 0. Bcot 359,
ashinrton7, D. C., Attn: Library

1 Harvard School of public Health, 1 Shattuck Street, Boston 15, mosschusetts, Attn: Dr.
Albert Damon

1 Harvard Me-diacl Library. 25 Shattuck Street, Boston 15, Massachusetts. Attn: Library

I ind'arna University, Deartnent of Psycholcy, Bloomington, Indiana, Attn: Prof. R. C.

I Indiana University Medial Center.-School of Medicine Library, 1100 lest Michign Street,
Indianapois. 7, Indiana

I Indiana University Medical Center, 1199 West Michigan Street, Indianapol is 7, Indiana,
Attn: Dr. Harris B Shusacker Jr., Prof. of Surgery



N., of MEDICAL OOLL.GE/SC{HOL LIBRARIES AND DEPARMTS

cepies
I I•diana University, Anatomy.Physilogxy Deartment, Blooeirnton, Indiana, Attn: Dr. Sid

Robinson
1 Jefferson Medical Collec Library, 1025 Walnut Street, Philadelphia 7, ennsylvania
I Joh Hopkins University, Welch Medical Library, 1900 E. Mo ent Street, Baltimore 5,

Maryland
I Kansas State Unlverslty, Psychology Division, *nhattan, Kansas, Attn; Dr. William

_Beva
I Marquette Unlversity, Medical-Dtal Library, 560 North 16th Street, Milwaukee, WIizcnsaJn
I Medical College of Virginia, Tpkins.MvCaw Library, R•chmond 19, Virginia
I Now York University, College of Engineerln Research Division. 252 7th Avenue, New York

New York,'
I New York Academy of Medicine Library, 2 East 103rd Street, New York 29, New York

1 New York Univ.rsity Mdical Center, Medical Library. 5i0 First Avenue, New York 18. N. Y.

1 Northwesiv.x Unmiversity, Department of Psycholoqy, Evanston, Illinois, Attn: Willia A.
Hurt

1 Northwestern 'University Medical Sohool, Archibald Church Library, 303 E C"icaqo Avenue,
Chicago 11. Illinois

I Co State University RPearch Center, Director, Aviation Poyholay Laboratory, 1314'
Keoeaar Read. C•lzsu= 12, Chio 0

-1 Cic State University Research Center, sychollb.Muisti•e Laboratory, 1314 XKanzar PRoa,
Colusbiua 12, Mic

1 Ohio State University. Tops U.Abrary, School of Opoeetry, 338 Vat 10th Ave e, ColI
10, Oho

1 Chao Stat. Univer.ity. Sabool of Optoetry, Columbus 10, Cbio, Attn: Glenn A. Fry, Dir. '-1

1 Rmsah Modil Colleqg Library, 1751 Went Hwrrson Street, CIAicaqo 12, Illinois, Atta:
LLbrarian

1 Stanford University, Lane Medical I.Lbrary, 300 Pasteur Rmd. Palo Alto. California

1 Stwqord University, D~artmnt of Physioloq#, Stanford. California, -Mtn:•3•,.,C~rimow, M.D.

1 98tat*Wnversity of low, Collo".-nf Medicine Library, Mmitical Ltoratorrlas Building,
Ims City. low

I Stat o Universiy f ew York Downstate Medical Center, Doaertaest of Aenstbesioloqy,'
419 CAarkwoo Awime, Beeo*byu 3, New York

I State University of Now York, Downste Medical Center, Medical Library, 410 Clarkson
Ao ws,, Prookl- 3. New Tork

1 TeO Medical Canter Library, Jose H laem Library Buildinq, Houston 23, Teen

2 Tufto U.niersity Institute for Aplied Experis, ntal Psycholoqy , Modforo, JXzs&&oheetts ....
I T ela .Univeraity, Sacool of Modicine, 140 Tulane Avenue, Nmw Orlea 12, Lo aisian,

Attn. G. E. •i•ch, M.D., Professor of Medicine
I West Virginia University, Medical Center Library, Morantown, West Virqinia
I University of Alabow, Medica COater Library,1919 Seveth Avemu& South, Biruinah 3,

1 University of Aransas. Medical Center Library, 4301 lost M.rkk=, Little Rock, Arkansa
1 University of Buffalo, Departmnt of Pyckolo•y. Buffalo 14, New York
I University of Bffalo, Health Sciences Library, Copn Hal-141. , Buffalo 14. Nov York,

Attn: Lbtkrarina
1 University of California, Medical Cetter, Biomedical Library, La Anqolos 24. California
1 University of Cicaqo, Laboratory of Phyioleqical Psycholoqy, Faculty Ezebate Beo 184,

Cuiicago 37. Illinois, Attn: T. D. 1eff
1 University of Illinois Airport, Aviation Psycholoy, Laboratory, Baor. Illinois
1 University of Illinois, Deportment of Psycholoqy, Urbana, Illinois, Attn: W. E. Kappruf
1 University of Illinois, Deprtment of Psychology, Trainiiq Research Laboratory, 45 LInoln

Hall, Urbana, Illinois, Attn: Professor Lawrence M Stolurow, Ph,D.

1 University of Illinois, Dotiments Division, Urbana, Illinois

1 University of Illinois. Speech Hearing Clinics, 601 E. John Street, ampaiqn, Illinois,
Atto: 5chn J O'Neill

1 University of hnsuas, Medical Center, Clerdening Medical Library, Kansas City, Kansas

3 University of Louisville, School of Medicine Library, 101 W. Chestnut.St, Louisville, Ky.



No. of MEDICAL CO..LEE/SCHOOL LIBRARIES AND DEPART7'S
Copies

1 University of Mia1i, School of Medicine, Deprtment of Ophthalmology, Miami 36, Florida
I University of Michi•n, 406 Kresge Meodicc -secreh Building, An Arbor, Michigan,

Attn: ý r. Merle Lrret; c
I University of Michigan, Serials ad oDo ents Sectioc, General Library, Ann Arbor,

Michigan
I University of Minnesota Library. Serials Division, Minnapolils 14, Minneota
I University of Nebraska, College of Medicine Library, 42nd and Derey Avemne, 0 ,

Nebraska, Attn: - Libraricn
I University of North Carolia, Division of tealth AftaircLibrary, North Crolina

Memorial Hoepital, Chacpel ill, North Carolina
1 Uziversity of North Carolina, Departmt of Medicine, Cpel Hili, North Carolina,

Attn: Dr. Richard L. Dobson
1 University of North Corolina. School of Medicine, DePartn.nt of Physiolog', Chapel H8.11,

North Carolina
1 University of Oklahoa, Medical Center Library, 0 N. E. 13th Street, •1aho City 4,

Cklahao
1 Unre•reity of Oreqon, Medical School Libray, Prtland 1. Oreqon, Attn: Librarica

J_ Unrvrsity- f-Pittsburgh, Falk Library of the Health professions, Pittsburgh 13. Pa
1 University of Pittsbwq'h, Graduate School of Publio Health, Pittsburgh 13, PC
1 Univeraity of Racaebter, Department of Psycholo-y, Rochester 20, New York, Attz: D?.

S. D. S. Spmn
-1 Ulniver i fTensse Cal a of Medicin, Clizical Pbysiolaqy -Institu~te of

Sc. = Investigatin.AeM,, Dm4ap, Meomb i 3, Teinesee
I University of Temoemeee Medial Units, Mooney MS.OrLaC Library; 62 South D=nap,

I University of Utah, Medical Library, Bait Waoe City, 12, Umh
I quiversity of Vermntt, College of Medici Library, Dirlington, Vermont

__ 1 Univnrsity of W!Yfqina, Division of Socatiil Research., Old 0*0e1l Ball.
...esv , grna

1- University of Virginia, Medical LbraryUniversity Hospital, Charlottesville. Virginia
1 University of Virginia, Psychological Laboratory, Peabody Hall, Carlotteeville, Virginia
1 Univer•sty of Washizqtoo, H94 & Scienees LLbrary. Sea ttle , Idshireg tee
1 University of Wisconsin, Psychological strztc , B N. krk St., odison 8. Yiscoesln
1 University of Wisconsin, Medical ScIoo LWbrary, S.M.I. Suildiaq, N 0wrter Street,SMod~ca • sco.mia

I Uhivnraity -of TisAco •. Fbysiolo Studie Divaies, 600 N. Park Street, Mison 6,
fto .lt Attd: Janice Gam"o ~~ i vtrt Assistamt-

i Auerican Te.sy, Office of the United Statea Army Attache, FboreA. Service of the
United States of America, Loodon, Empned, Army Attache, (Medical)

1 British Army Mdieoal Liaison Officer. British Army Staff, British Ebassy, 1Ifa gtoan 83,
D. C.

I British N" Staff Office, Benjatin Franklin Station, Post Offioe Box 165, Washington,
D, C., Artn: Surgeon, Captain F. P. Ellis

10 Canadiam LA=ison Office, US Army, Office of The Surgeon Gemerml, Room 1700k, Mai NM
kilding, shington 25, D, C.

2 Defence Resecrch Member, Conadiqn joint Staff, 1450 Massachusetts Avenue, N. W.,
Washington 9, D. C.

1 1. J. Tnomson Physicol Laboratory. Reading University, Whlteknight Park, Reading, England
Attn: Professor R, W. Ditchburn

SKaoliaiku Institute, Deprtment of Histology, Stockholm 60, Sweden, Attz: Dr. Jan

I Royal Society of Medicine, Library. 1 Wispole Street, Londoc W,1, England

1 Universita Di Pisa, Instituto De Fisiologia, Pisa, Italy. Attn- Professor Giuseppe
Moru xi



No. of FORE IGN
Copies

I Institute of Ccupational Health, Hoartmaninkatu 1, Helsinki, Finland, Attm: Dr Martti
J. Karvonen, Director of the Physiological Department

2 University of Western Ontario, Medical School. Department of Biophyuics, South Street,
London, Ontario, COnozd, Attn: Dr. Allen C, Burton

I UnJiversity of Western Ontario, Department of Physiology, L.ornon, Ontario, Caada, Attn:
Profesuar . A. F. Stevenson
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